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The stochastic volatility model has been popular to explain a dynamic structure of financial time 
series such asset returns. In this paper, we first consider the asymmetry that the increase in the 
volatility is followed by the decrease in the asset return. Then, we consider a Markov switching of 
two (high and low) volatility states using    a random state variable which follows a Markov process. 
The restrictions for the identification of the switching parameters are determined by using a 
permutation sampler with Markov chain Monte Carlo method. The Markov switching asymmetric 
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╜╩╆┣╪╆┣䩑䘰⅊Stochastic Volatility, SV) ╢╇╫␬㤭␯䵑␤⑩⑬⑆␪⑪ (乣␨⑐ Ghysels
et al. (1996), Shephard (2005), 䕏䥴 (2000)), 䡳䉐㹎䀭ℤ┸╣╳╗㥠ℤ㽾⑎㡼␤㡭㨹䨬䥛ℤ䐹
㑼㔭㈱䀭⑊⑉㠽㱂⑎╇ℼ┿⑎䙃䐧⑲䔬䁚⑋䩡䈪⑇␭⑫⑨␦⑋䈿␯⑎㍈䐥␬㭮⑟⑩⑬⑆␤⑫℥␽
⑎䍦⑇③ So et al. (1998) ⑋⑨⑃⑆䑳う␵⑬␿╞╫┳╕Ω┹┤╃╁╳┰㍎丨䔪╜╩╆┣╪╆┣




␤␳⑈␬䍎⑩⑬⑆␤⑫℥(乣␨⑐ Smith (2002)ℤ Kalimipalli and Susmel (2002)ℤShibata and
Watanabe (2005), 两㕈 (2005) ⑲㬲㹈)℥
MSSV╢╇╫⑇⑏␳⑬⑞⑇㑶⑄␫⑎㍈䐥␬㥔⑯⑬⑆␪⑪ℤ╜╩╆┣╪╆┣⑎㽥㵠⑋㉃␨⑆㽤ぜ
⑋㑘␹⑫║╩╡ℼ┿␹⑙⑆⑋╞╫┳╕Ω┹┤╃╁╳┰⑲㈾䑪␹⑫╢╇╫ (Hwang et al. (2004))
⑤伢䈳㭾㑖⑎ MSSV ╢╇╫ (Mao and Yuan (2006)ℤMao et al. (2006)) 䕹␬␢⑫℥㠽㱂⑋
⑏ MSSV ╢╇╫⑋␪␤⑆⑉⑎║╩╡ℼ┿⑎㹵䉖␬䁚⑪䉘⑯⑫⑎␫⑏䱀⑩␫⑇⑏⑊␤␿②, ⑞␺






丸␷␿ SV ╢╇╫⑎㽤䑪⑲㥔␦℥䡳䉐㹎䀭⑲㥍丸␷␿ SV ╢╇╫⑏ℤ䡳䉐㹎䀭 SV(Asymmetric
SV, ASV) ╢╇╫⑈㡆⑐⑬⑆␤⑫℥
ASV ╢╇╫⑤ MSSV ╢╇╫⑎㽤䑪⑇⑏ℤ╜╩╆┣╪╆┣䕹⑎䁸㩟䩑㽴⑎㡄㽴␬䡳㹯⑋䈿␤
␿②㩇䱠䬡⑋⑨⑫㽤䑪␬㨤䙱⑊㹬㥧␬䈿␤℥␳⑎␿②ℤ䈿␯⑎䁨㥔㠦㕦⑇╙┤┺Ω┢╗╭ℼ╁
⑲⑈⑪ℤ╞╫┳╕伢㨿╢╳╆┫╫╭ (Markov Chain Monte Carlo, MCMC) 䬡⑲䵑␤⑆║╩
╡ℼ┿⑎㭶㡥䨬䥛␫⑩㍎丨䤸䭜⑲䠯䀸␵␻ℤ䙀⑩⑬␿䤸䭜⑲③⑈⑋㑘㼴⑎␢⑫║╩╡ℼ┿⑋⑄
␤⑆䕽㝗䔪㽤䈬⑲㥔⑃⑆␤⑫℥␽⑎䍦⑇③ SV ╢╇╫⑎㽤䑪⑎␿②⑋䑳う␵⑬␿ℤKim et al.
(1998) ⑎ mixture sampler ⑋⑨⑫㭶㡥䨬䥛␫⑩⑎┵╳╗╪╳┰䩽䬡⑏ℤ㨮㥧䀵㔬䨬䥛⑋⑨⑫㙡
㭷⑋㑰⑅␤␿␽⑎㑊䩘␵⑈㡺丨䀭⑎义␵␫⑩ℤ㱂㹚䨬䁏⑋␪␤⑆䡳㹯⑋㤭␯㭈⑯⑬⑆␤⑫℥␳
⑎ mixture sampler ⑇⑏ℤ䡳䉐㹎䀭␬㥍丸␵⑬⑆␤⑊␤⑈␤␦㝧䕀␬␳⑬⑞⑇㭘䔦␵⑬⑆␤␿
␬ℤOmori et al. (2007) ⑩⑋⑨⑃⑆ ASV ╢╇╫⑎␿②⑎ mixture sampler ⑋㍈䐥␵⑬⑆␪⑪ℤ
㠽㩟㩇③䴭䵑⑊㽤䑪䩽䬡⑎ぬ⑄⑇␢⑫℥
ぬ䩽ℤ╞╫┳╕Ω┹┤╃╁╳┰ (Markov Switching, MS) ╢╇╫⑋␪␤⑆③ℤ㹵䉖⑲䤽␹㍎
丨䩑㽴␬㑑䈬䍍⑈䘱␸㡄㽴␢⑫␿②ℤ䱠䕙㑘㽴⑎㝗㬻⑋㩝␷⑆⑏㹵䉖䩑㽴⑎㍎丨㑘㽴⑋㑘␷⑆
佂⑲㕡②⑫╕┣╫┿ℼ␬ℤMCMC ⑎㝗㬻⑋㩝␷⑆⑏␳⑬⑩⑎㹵䉖䩑㽴⑲㡺丨䔪⑋┵╳╗╪╳
┰␹⑫㝗㬻䩽䬡␬䤬䵗⑈⑊⑫℥乣␨⑐ MCMC ⑇⑏ℤ㹵䉖䩑㽴⑲ 1 ⑄␺⑄┵╳╗╪╳┰␹⑫䩽
䬡 (single move sampler ⑈␤␦) ⑲䵑␤⑫⑎␬㑊䌱⑇␢⑫␬ℤ␳⑎㝗㬻䩽䬡⑇⑏䙀⑩⑬⑫䤸䭜
⑎㰫㡊䅪㑘␬㥢␯⑊⑪ℤ㴽䨬⑊䀺䕙⑎㝫㉌⑲䙀⑫␿②⑋㝗㬻㉳㽴⑲䡳㹯⑋䈿␯㱨⑩⑊␱⑬⑐⑊
1⑩⑊␤℥③␷㹵䉖䩑㽴⑲ぬ㍧␷⑆┵╳╗╪╳┰⑇␭⑬⑐ (multi move sampler ⑈␤␦⅋ ℤ䤸䭜
⑎㰫㡊䅪㑘⑏䑣␯⑊⑫⑎⑇㸯⑊␤㝗㬻㉳㽴⑇䀺䕙⑎㥢␤㝫㉌⑲䙀⑫␳⑈␬⑇␭⑫℥␳⑎␿②ℤ
㹵䉖䩑㽴␹⑙⑆⑲ぬ㍧␷⑆䘱㭾⑋┵╳╗╪╳┰␹⑫㡺丨䔪⑊䩽䬡␬ Carter and Kohn(1994),
Chib(1996), Kim and Nelson (1999) ⑩⑋⑨⑪䑳う␵⑬⑆␤⑫℥␳⑎䕀⑲䘧⑞␨⑆䭜㥆⑇⑏ℤ
╞╫┳╕Ω┹┤╃╁╳┰䡳䉐㹎䀭㍎丨䔪╜╩╆┣╪╆┣䩑䘰 (Markov Switching Asymmetric
Stochatic Volatility, ℡ MSASV) ╢╇╫⑲ ASV ╢╇╫⑎ mixture sampler ⑈ℤMS ╢╇╫⑎











䩽䬡⑇␢⑫㑰䭜㱾䩕䱠䕙㤱䕹㰰⑲䵸䵑␷␿䩽䬡 (Chib(1995), Chib and Jeliazkov(2001,2005))










お㈼⑇⑏⑞␺䉨2 䁡⑋␪␤⑆╞╫┳╕Ω┹┤╃╁╳┰⑎␢⑫ASV ╢╇╫℡(MSASV ╢╇╫)
⑎䘳䙾⑲㥔␤ℤ║╩╡ℼ┿⑎㭶㡥䨬䥛⑲䘳㵐␹⑫℥␽␷⑆㭶㡥䨬䥛␫⑩⑎┵╳╗╪╳┰⑲㥔␦
␿②⑋, MS ╢╇╫⑎ multi-move sampler ⑈ ASV ╢╇╫⑎ mixture sampler ⑲䅈⑟㥧⑯␻␿
MCMC䬡⑋⑄␤⑆䁢䱀␷ℤ㤹⑋║╩╡ℼ┿⑎┹┤╃╁⑎䴭䰵⑋㑘␹⑫㹰䩳⑲䙀⑫␿②⑋䰵㩮す
㵧乳┵╳╗╩ℼ⑲䘳䙾␹⑫℥䉨 3 䁡⑇⑏ℤ䑳う␵⑬␿䩽䬡⑲䵑␤⑆ MSASV ╢╇╫⑲ TOPIX













⑞␿⑏ St = 0) ⑈␷⑆ℤfStg ␬䴿␨⑩⑬␿⑈␭ℤお㈼⑎⑨␦⑊䡳䉐㹎䀭⑎␢⑫㍎丨䔪╜╩╆┣
╪╆┣䩑䘰╢╇╫ (ASV ╢╇╫) ⑲㥍␨⑫.
yt = ²t exp(ht=2); t = 1;2;:::;n; (2.1)

























␿⑀␷ℤN2(0;ΣSt) ⑏䨿㙑 0, 㘦䨬㬶㥔乳 ΣSt ⑎䙳䩑乌䀵㔬䨬䥛⑲䤽␷ℤ
¹St ´ ¹0(1 ¡ St) + ¹1St;
ÁSt ´ Á0(1 ¡ St) + Á1St; jÁ0j < 1; jÁ1j < 1;
¾St ´ ¾0(1 ¡ St) + ¾1St;
½St ´ ½0(1 ¡ St) + ½1Stℤ
⑈␹⑫℥␳␳⑇ fhtg ⑏╜╩╆┣╪╆┣⑎䩑䘰⑲䤽␹䁸㩟䩑㽴⑇␢⑫℥ぬ䩽ℤfSt¡1g ⑋⑄␤⑆
⑏お㈼⑎⑨␦⑊ぬ㌬⑎䑪㹯⑊╞╫┳╕㉡䑸⑲㈾䑪␹⑫.
Pr(St = j j St¡1 = i) = pij;
Pr(S0 = i) =
1 ¡ p1¡i;1¡i
2 ¡ p00 ¡ p11
i;j 2 f0;1g: (2.5)
␿⑀␷ 0 < pij < 1, pi0 + pi1 = 1 (i = 0;1) ⑇␢⑪ℤ㵩㑼䍍 S0 ⑋⑏䑪㹯䨬䥛⑲㈾䑪␹⑫℥fhtg
⑎㵩㑼䍍 h1 ⑎䨬䥛⑋⑄␤⑆⑏ℤぬ䡌䔪⑋ h1 » N(¹¤;¾2
¤) ⑈␷⑆ ¾0ℤ¾1 ⑈⑏䩌⑋䁟䑪␹⑫␳
⑈③⑇␭⑫␬ℤ㑑䈬䍍␫⑩䙀⑩⑬⑫㵩㑼䍍⑋㑘␹⑫㹰䩳⑏䈿␯⑊␤℥␳⑎␿②ℤ䭜㠦㕦⑇⑏㰰
(2.4) ⑎⑨␦⑋ Si = S0ℤ i = 0;¡1;¡2::: ⑈␷⑆╇ℼ┿㑑䈬㭾䕀お䄰⑇⑏㹵䉖⑎䄫ぜ⑏㔯␭⑊
␤⑈㈾䑪␷␿╢╇╫⑎㈼⑇⑎䑪㹯䨬䥛⑲䵑␤⑫␳⑈⑈␷␿℥
⑞␿ℤMS ╢╇╫⑇⑏╢╇╫⑎㰱䩌⑎␿②⑋ℤ║╩╡ℼ┿⑋䉧㸮㑘㜸⑎䀩䱳⑲㉝␷⑆␤⑫℥
║╩╡ℼ┿␬ (¹0;¹1) ⑎⑨␦⑋ぬ䅈⑀␱⑇␢⑫㹬㥧⑋⑏䀩䱳⑎㉝␷䩽⑏ ¹0 < ¹1 ⑈ぬ䑌⑪␷␫




␻␺ℤ¹0 = ¹1 ⑎⑨␦⑋ぬ䥴⑎║╩╡ℼ┿␬㹵䉖⑎㽤ぜ⑋㑘⑯⑩␺ぬ䑪⑋⑊⑫㹬㥧③㕶␹␳⑈





║╩╡ℼ┿⑎㽤䑪⑲㥔␦℥ ¹ = (¹0;¹1)0; µ = (µ0
0;µ0
1)0, p = (p00;p11)0⑈␷⑆␽⑎㭶䄰㍎丨䰩䕙㑘







































yt exp(¡ht=2);ht+1 ¡ ¹St ¡ ÁSt(ht ¡ ¹St¡1)
¢
⑈⑊⑫. ␿⑀␷y = (y1;:::;yn)0⑇␢⑪ℤ f(StjSt¡1;p) = pSt¡1St; f(S0jp) = (1¡p1¡S0;1¡S0)=(2¡
p00 ¡p11) ⑇␢⑫℥ASV ╢╇╫⑋㑘伢␹⑫║╩╡ℼ┿⑏ (¹;µ) ⑇␢⑫␬ℤ␳⑬⑩⑎║╩╡ℼ┿
⑲㭶㡥䨬䥛␫⑩┵╳╗╪╳┰␹⑫ MCMC 䬡⑎䍦⑇③ℤ㩇③㡺丨䔪⑊䩽䬡⑈␷⑆䍎⑩⑬⑆␤⑫
Omori et al. (2007) ⑋⑨⑫ mixture sampler ⑲䵑␤⑆┵╳╗╪╳┰⑲㥔␦1. 㙱䉎䔪⑋⑏ℤ㰰
(2.1) ⑎举䩕⑲䙳㹨␷䉐㽴⑲⑈⑫⑈ℤ
y¤




t ⑇␢⑫2. ␳␳⑇㡭㨹㥠 ut = log²2







1ASV ╢╇╫⑎␿②⑎㡺丨䔪⑊┵╳╗╪╳┰䩽䬡⑋⑏ mixture sampler お㌰⑋ Omori and Watanabe (2008)
⑋⑨⑫ Block Sampler ␬␢⑫␬ℤmixture sampler ⑋䡦⑙⑆㍈䐥䀭␬㥢␤⑈␤␦䙃䐹␬␢⑫䠿䱌ℤ㡺丨䀭⑎䕀⑇⑏
mixture sampler ⑋⑏㕚⑐⑊␤␿②␳␳⑇⑏ mixture sampler ⑲䵑␤⑆␤⑫.
2Kim et al. (1998), Omori et al. (2007) ⑇⑏ℤ㠽㱂⑎╇ℼ┿䨬䁏⑋␪␤⑆㸮㽴䕀お㈼␬䁚⑪㱎⑆⑩⑬⑆㑑䈬䍍




t + c) ⑈㝗㬻␷⑆␤⑫.
4i pi mi v2
i ai bi
1 0.00609 1.92677 0.11265 1.01418 0.50710
2 0.04775 1.34744 0.17788 1.02248 0.51124
3 0.13057 0.73504 0.26768 1.03403 0.51701
4 0.20674 0.02266 0.40611 1.05207 0.52604
5 0.22715 -0.85173 0.62699 1.08153 0.54076
6 0.18842 -1.97278 0.98583 1.13114 0.56557
7 0.12047 -3.46788 1.57469 1.21754 0.60877
8 0.05591 -5.55246 2.54498 1.37454 0.68728
9 0.01575 -8.68384 4.16591 1.68327 0.84163
10 0.00115 -14.65000 7.33342 2.50097 1.25049
䤽 1: logÂ2(1) 䨬䥛⑎䀵㔬䨬䥛⑋⑨⑫㙡㭷. Omori et al.(2007) ⑨⑪ぺ䵑
⑲㭽⑄⑨␦⑋㙡㭷␹⑫℥␿⑀␷ f(utjmi;v2




i=1 pi = 1 ⑇␢⑫℥␳⑎䩽䬡⑏ Kim et al. (1998) ⑋⑨⑃⑆ K = 7
⑈␷⑆ SV ╢╇╫⑎␿②⑋䑳う␵⑬␿␬ℤOmori et al. (2007) ⑋⑨⑪ K = 10 ⑈␷⑆㙡㭷␬㉾
䄱␵⑬, 㤹⑋ ASV ╢╇╫⑎␿②⑎㍈䐥␬㥔⑯⑬␿ (㹜㩙⑏ Omori et al. (2007) 㬲㹈)℥K 㡄⑎
㨮㥧䨬䥛␫⑩⑎䵰㽴⑏ℤ㨮㥧䀮䨬⑎┤╳╇╃┯┹⑲䤽␹䁸㩟䩑㽴 st ⑲䘳䙾␷⑆ (1) ⑞␺ st ⑲





t = ht + mst + vstzt; (2.8)









At = dt½St¾Stast exp(mst=2);
Bt = dt½St¾Stbst exp(mst=2);
dt = sign(yt) = I(² > 0) ¡ I(² · 0);
⑇␢⑪ℤpi;mi;vi;ai;bi ⑏㨮㥧䨬䥛⑎㙡㭷⑎㑻䍎║╩╡ℼ┿⑇䤽 1 ⑇䴿␨⑩⑬⑫ (Omori et al.





























ht+1 ¡ ¹St ¡ ÁSt(ht ¡ ¹St¡1) ¡ At ¡ Bt(y¤














f(StjSt¡1)f(S0) £ ¼(¹)¼(µ)¼(p); (2.11)











お㹥⑎┵╳╗╪╳┰⑏㙡㭷╢╇╫ (2.8)–(2.9) ⑎㭶㡥䨬䥛␫⑩⑎┵╳╗╪╳┰⑇␢⑫␬, (2.1)-
(2.2) ⑈⑎㙡㭷⑎␺⑬⑏ℤ㭶㡥䨬䥛⑋㑘␹⑫㑼䉔䍍⑲㝗㬻␹⑫㩝⑋ℤ㍎丨䰩䕙㑘㽴⑎㵅⑟⑲䐴䀰









3MCMC ⑋㑘␷⑆㹜␷␯⑏ℤ䉧㼹 (2001)ℤ 䍦㩊 (2003), Robert and Casella (2004)ℤか䑭 䈾 (2005), 佂㥧
(2005) ⑊⑉⑲㬲㹈␵⑬␿␤℥
6␵⑬⑫␬ℤ䥔䔬䁚⑊䀩䱳⑲␤⑬⑫⑈╩╙╫␬ぬさ⑋㝨⑞⑩⑊␤⑐␫⑪⑇⑊␯ℤ║╩╡ℼ┿㽤䑪
⑋═┤┢┹⑲䀸␸␵␻⑆␷⑞␦ (乣␨⑐ Jasra et al. (2004), Fr¨ uhwirth-Schnatter (2006) ⑲㬲







⑲䵑␤⑫℥㙱䉎䔪⑋⑏䄰䁡⑎ MCMC ┢╫┴╪┺╠⑎ Step 6 ⑲お㈼⑎⑨␦⑋䩑㤹␹⑬⑐⑨␤℥
6. ╩╙╫⑎䥕␱䉘␨⑲㥔␦.
(a) ╩╙╫ (l(0);l(1)) ⑲㵧乳 f(0;1);(1;0)g ␫⑩╩╳╀╠⑋┵╳╗╪╳┰␹⑫℥
(b) (¹i;µi;pii), St = i (t = 0;1;:::;n ¡ 1), i = 0;1 ⑲ (¹l(i);µl(i);pl(i)l(i)), St = l(i)










␷␵⑲䈬⑫㱜䕙⑇␢⑫℥f(yjµ) ⑲╇ℼ┿⑎㹲㝯䥕㍎丨䰩䕙㑘㽴ℤ¼(µ) ⑲║╩╡ℼ┿ µ ⑎㭶䄰㍎
丨䰩䕙㑘㽴ℤ¼(µjy) ⑲㭶㡥㍎丨䰩䕙㑘㽴ℤm(y) ⑲╇ℼ┿⑎㱾䩕㍎丨䰩䕙㑘㽴⑈␹⑫⑈ℤ㍎丨
䰩䕙㑘㽴⑎㹨䬡䑪䵽␫⑩
logm(y) = logf(yjµ) + log¼(µ) ¡ log¼(µjy)ℤ (2.12)
⑈␤␦㤱䕹㰰␬䀮⑪丩⑄℥␳⑎㰰⑲䵑␤⑆㱾䩕䱠䕙⑲㝗㬻␹⑫䩽䬡⑏ℤ␽⑎䀺䕙␬㥢␤␳⑈␬
䍎⑩⑬⑆␤⑫(Chib (1995), Chib and Jeliazkov (2001) (2005))℥␷␫␷ℤぬ䡌⑋㨮㥧䨬䥛╢╇
╫⑤┹┤╃╁╳┰Ω╢╇╫⑋␪␤⑆⑏ℤ䱠䕙㑘㽴⑲䤾㉁␹⑫╢╇╫⑋㰱䩌䀩䱳⑲䙾⑬⑊␱⑬⑐
㱾䩕䱠䕙⑎㽤䑪䍍⑋═┤┢┹␬䀸␸⑆␷⑞␦ (Fr¨ uhwirth-Schnatter (2004)). ␳⑎␿②ℤ䭜㥆
⑇⑏⑞␺ℤ䰵㩮す㵧乳┵╳╗╩ℼ⑲䵑␤⑆㰱䩌䀩䱳⑲╇ℼ┿␫⑩䌵㩷䔪⑋㕡②ℤ㰡⑋㰱䩌䀩䱳
⑎㈼⑇㱾䩕䱠䕙⑎㽤䑪䍍⑎㝗㬻⑲㥔␦␳⑈⑈␹⑫.
㰰 (2.12) ⑇⑏䉐㽴䱠䕙, 㭶䄰㍎丨䰩䕙ℤ㭶㡥㍎丨䰩䕙⑎䍍⑲㕡②⑫䤬䵗␬␢⑫␬ℤ㭶䄰㍎丨
䰩䕙⑏㑊䌱⑋㝗㬻⑇␭ℤ⑞␿㭶㡥㍎丨䰩䕙⑏ Chib and Jeliazkov (2001) ⑋㴾⑃⑆㝗㬻␹⑫℥䉐
7㽴䱠䕙⑏ℤMSASV ╢╇╫⑇⑏㉲䁏䔪⑋⑏㕡⑞⑩⑊␤⑎⑇ℤ╢╳╆┫╫╭䬡⑋㑰⑅␯丳㭒╕┣
╫┿ (patricle ﬁlter) ⑲䵑␤⑫䤬䵗␬␢⑪ℤ䭜㥆⑇⑏ Pitt and Shephard (1999) ⑋⑨⑪䑳う␵














お㈼⑇⑏㭾䕀 t ⑎ TOPIX ⑎㱽ㅗ丨 yt ⑲ℤTOPIX ⑎䍍 pt ⑎䉐㽴㌬㨹⑎ 100 䝜 (%䌱が)
yt = (lnpt ¡ lnpt¡1) £ 100
⑈䑪㕁␷ℤ䙼㰡Ω㴵㰡㱽ㅗ丨⑎ 4 㱯习⑎╇ℼ┿⑲䨬䁏䉐㹝⑈␹⑫. 䙼㰡╇ℼ┿⑏ 1970 䜯⅁2005
䜯⑎㑼㑖⑲ℤ1980 䜯䉥㡥䠾⅁1990 䜯䉥㵩䘬⑋㠫⑩⑬␿═╖╫㝊㔤⑎㭾㑼⑎䄰㡥⑇お㈼⑎⑨␦
⑋ 3 㑼㑖⑋䨬㍤␷ℤ㴵㰡╇ℼ┿⑏ Shibata and Watanabe (2005) ⑈䘱␸㭾㑼⑲䵑␤⑫␳⑈⑈␹
⑫5.
1. 䙼㰡㱽ㅗ丨.
䉨 I 㑼 : 1970 䜯 1 㝮 6 䙼⅁1984 䜯 12 㝮 28 䙼.
䉨 II 㑼 : 1985 䜯 1 㝮 4 䙼⅁1994 䜯 12 㝮 30 䙼.
䉨 III 㑼 : 1995 䜯 1 㝮 4 䙼⅁2005 䜯 12 㝮 30 䙼.
2. 㴵㰡㱽ㅗ丨. 1971 䜯 1 㝮 6 䙼⅁2004 䜯 8 㝮 25 䙼6℥
TOPIX 㱽ㅗ丨⑏㑼㑖⑋⑨⑪䨿㙑␬ 0 ⑇⑏⑊␯⑞␿㰫㡊䅪㑘⑲㭽⑄␳⑈⑇䍎⑩⑬⑆␤⑫␿②ℤ
Shibata and Watanabe (2005) ⑈䘱䵍⑋ TOPIX 㱽ㅗ丨⑋䔬䁚⑊㰡㽴⑎㰫㡊㉳㔢 (AR) ╢╇╫
4䭜㠦㕦⑇㥔⑯⑬␿㽴䍍㝗㬻⑏ℤ㥔乳㡀㡬 Ox4.1 (Doonik, 2006) ⑲䵑␤⑆㝗㬻␷⑆␤⑫℥
5␿⑀␷ Shibata and Watanabe (2005) ⑇⑏, ℡䨿㙑 ¹ ⑎⑟⑋┹┤╃╁⑎␢⑫ MSSV ╢╇╫⑲㽤䑪␷⑆␪⑪ℤ
䡳䉐㹎䀭⑏㥍丸␵⑬⑆␤⑊␤℥
6㽥䵋䙼⑎㴪䍍␴⑈⑎㱽ㅗ丨. ␿⑀␷ℤ䜯䭶䜯㭏⑎ 2 㴵㑖⑲⑏␺␷⑆ℤ㽥䵋䙼⑎㱨ぺ␬⑊␤㹬㥧⑋⑏㉐䵋䙼⑎㴪
䍍⑲䵑␤ℤ㉐䵋䙼③㕙⑟⑎㹬㥧⑏㝮䵋䙼⑎㴪䍍⑲ℤ⑉⑁⑩③㕙⑟⑎㹬㥧⑏, ␽⑎㴵⑎䱚䵋䙼⑎㴪䍍⑲⑈⑃⑆␤⑫. ␽
⑎␿②™Shibata and Watanabe(2004) ⑎╇ℼ┿⑈⑏ぬ䍗␷⑆␤⑊␤℣
8⑲␢⑆⑏②ℤ䙀⑩⑬⑫╢╇╫⑎㭄㨹⑋䉐␷⑆╞╫┳╕Ω┹┤╃╁╳┰╢╇╫⑲䔬䵑␹⑫␳⑈⑈
␹⑫℥
㡄㽴 䨿㙑 䤸㵠䩐㨹 㩇䉧䍍 㩇㸮䍍 䀵䍍㽴
䙼㰡 (I) 4319 0.0372 0.6437 4.078 ¡7:762 2414
䙼㰡 (II) 2591 0.0205 1.1705 9.116 ¡15:810 1341
䙼㰡 (III) 2708 0.0022 1.2350 6.599 ¡6:574 1341
㴵㰡 1755 0.1157 2.408 13.406 ¡12:513 944
䤽 2: TOPIX 㱽ㅗ丨 (%) ⑎䵗䱳䕽㝗乌
䙼㰡 (I):1970/1/6⅁1984/12/28ℤ 䙼㰡 (II):1985/1/4⅁1994/12/30,
䙼㰡 (III):1995/1/4⅁2005/12/30, 㴵㰡:1971/1/6⅁2004/8/25.
䤽 2 ⑏㍆╇ℼ┿⑋㑘␹⑫䵗䱳䕽㝗乌⑇␢⑫℥␽⑬␾⑬⑎╇ℼ┿⑋䑪㽴㥠⑈䔬䁚⑊㰡㽴⑎ AR
╢╇╫⑲␢⑆⑏②⑆ BIC 㑰㵠⑋⑨⑃⑆䄪䉲␷ℤ␽⑎㭄㨹⑋䉐␷⑆╞╫┳╕Ω┹┤╃╁╳┰╢╇
╫⑲䔬䵑␷␿℥㙱䉎䔪⑋⑏ℤ䙼㰡䉨 I 㑼⑏䑪㽴㥠⑎␢⑫ AR(2) ╢╇╫⑎㭄㨹⑲ℤ䙼㰡䉨 II 㑼⑏














» B(1;1); pii » B(1;1); i = 0;1:
␿⑀␷ IG(¢;¢) ⑏㕕┬╳╞䨬䥛ℤB(¢;¢) ⑏╙ℼ┿䨬䥛⑲䤽␹⑈␹⑫. ␳⑬⑩⑎㭶䄰䨬䥛⑇⑏ ¾2
i
⑏䨿㙑 0.17, 䤸㵠䩐㨹 0.24, pii, Ái, ½i (i = 0;1) ⑏ (¡1;1) 㹥⑎ぬ䵍䨬䥛⑈⑊⑃⑆␤⑫℥
㽞1⑏ℤ䙼㰡䉨I㑼⑎╇ℼ┿⑋⑄␤⑆ℤ㵧乳┵╳╗╩ℼ⑲䵑␤⑆╞╫┳╕伢㨿╢╳╆┫╫╭䬡
⑲㥔␤ℤ䙀⑩⑬␿䤸䭜⑎㬶䥛㽞⑈㭶㡥䰩䕙㑘㽴⑇␢⑫℥㬶䥛㽞⑋␪␤⑆㵄㰴Ω㈣㰴⑎║╩╡ℼ
┿␬䘱␸③⑎⑋⑄␤⑆⑏ℤ␽⑬␾⑬╩╙╫⑎せ⑊⑫③⑎ (乣␨⑐¹0 ⑈¹1) ⑲䵑␤⑆䥁␤⑆␤⑫.
㵧乳┵╳╗╩ℼ⑋⑨⑪║╩╡ℼ┿⑎╩╙╫⑎䥕␱䉘␨⑲㥔⑃⑆␤⑫⑎⑇ℤ␳⑬⑩⑎䉐㍑╖╭╃
┯⑋䩂⑳⑇␤⑫㬶䥛㽞⑏ 45 䕙䁾⑋㑘␷⑆䉐㹎⑋⑊⑃⑆␤⑫℥䕀⑎㉴␬⌲⑄⑋䨬␫⑬⑆␤⑫㽞








































































































































































































































㽞 2: 䙼㰡 (II) : 㵧乳┵╳╗╩ℼ⑋⑨⑫㬶䥛㽞 (㨸) ⑈㭶㡥㍎丨䰩䕙㑘㽴 (ㄦ)
乣␨⑐㨸㹥⑎ (¹;¹) ⑎㬶䥛㽞⑇⑏ 45 䕙䁾⑋㑘␷⑆䉐㹎⑋␭⑬␤⑋ 2 ⑄⑋䨬␫⑬⑆␪⑪ℤ¹ ⑎
㸮␵␤㹵䉖⑈䉧␭␤㹵䉖⑎␢⑫␳⑈␬㭇␨⑫℥␹␰㼿㈼⑎ (¹;¾) ⑎㬶䥛㽞⑇③䘱䵍⑋ 2 ⑄⑎㉴
⑋䨬␫⑬⑆␤⑫␬ℤ¹ ␬㸮␵␤⑈␭⑋⑏ ¾ ③㸮␵␯ℤ¹ ␬䉧␭␤⑈␭⑋⑏ ¾ ③䉧␭␤⑈␤␦, 2
⑄⑎㹵䉖␬␢⑫␳⑈⑲䤽␷⑆␤⑫℥␳⑬⑋䉐␷⑆ (½;½) ⑎㬶䥛㽞⑇⑏ 45 䕙䁾⑎㱾䩕⑋㉴␬ 1 ⑄
⑋⑊⑃⑆␪⑪ℤ½ ⑎㹵䉖␬ 1 ⑄␷␫⑊␤␳⑈⑲㰨㨶␷⑆␤⑫℥⑞␿␽⑬⑋䉐ㅾ␷⑆ (¹;½) ⑎㬶
䥛㽞⑇⑏㉴⑏ 2 ⑄⑋䨬␫⑬⑆␤⑫③⑎⑎ℤ¹ ⑎䉧㸮⑋⑎⑟⑋䉐ㅾ␷⑆ 2 ⑄⑋䨬␫⑬⑆␤⑆ ½ ⑎
䍍⑋⑏き䈸␷⑆␤⑊␤䵍㭒⑲㠫⑆㱨⑫␳⑈␬⑇␭⑫℥䘱䵍⑋␷⑆ (¾;¾) ⑈ (Á;Á) ⑎㬶䥛㽞␫⑩
⑏ℤ䈿㸯㉴␬ 2 ⑄⑋䨬␫⑬⑆␤⑫③⑎⑎, ¹ ⑛⑉䱀㍎⑊㹵䉖␬␢⑫⑈⑏␤␨⑊␤␳⑈␬⑯␫⑫℥
␽⑎䈾⑋⑤⑤䙃䐧䔪⑊㽞⑏ (Á;¾) ⑎㬶䥛㽞⑇ℤÁ ⑈ ¾ ⑎㭶㡥䨬䥛⑋␪␤⑆⑏㘯␤䥩⑎䅪㑘⑎䈸
10㩟␹⑫␳⑈␬⑯␫⑫℥
㍆║╩╡ℼ┿⑎㱾䩕㭶㡥㍎丨䰩䕙㑘㽴⑲㠫⑫⑈ℤ¹ ⑎㭶㡥㍎丨䰩䕙㑘㽴␬䱀㍎⑋䨬␫⑬␿ 2
䩶㜿⑎㍎丨䰩䕙⑋⑊⑃⑆␪⑪ℤ䈳␤⑆ ¾;Á ⑎㭶㡥㍎丨䰩䕙㑘㽴␬⑤⑤䩶␬伢⑊⑫㝁⑎ 2 䩶㜿⑎
㍎丨䰩䕙⑋⑊⑃⑆␤⑫℥␳⑬⑋䉐␷⑆½⑏⑛⑜䌱䩶㜿⑎㍎丨䰩䕙㑘㽴⑋⑊⑃⑆␤⑆ℤ㬶䥛㽞␫⑩




⑎㬶䥛㽞⑇⑏ 45 䕙䁾⑋㑘␷⑆䱀㍎⑋ 2 ⑄⑎㉴⑋䨬␫⑬⑆␪⑪ℤ䨿㙑║╩╡ℼ┿ ¹ ⑋┹┤╃╁
⑎␢⑫␳⑈⑲㰨␷⑆␤⑫℥(Á;Á) ⑎㬶䥛㽞③ 2 ⑄⑋䨬␫⑬⑆␤⑫␬ℤ¹ ⑎␽⑬⑈䡦㍓␹⑫⑈㵅
⑊⑃⑆␤⑫䥴䨬③䉧␭␯䨬␫⑬䩽⑏⑏⑃␭⑪⑈␷⑆␤⑊␤℥␳⑎␳⑈⑏ Á ⑈ (¹;¾;½) ⑎㬶䥛㽞
⑋␪␤⑆③䘱䵍⑇ℤ␽⑎䨬␫⑬䩽⑏⑤⑤嬣䭦⑇␢⑫℥(¾;¾) ⑈(½;½) ⑎㬶䥛㽞③㉴␬2 ⑄␢⑫⑨
␦⑋㠫␨⑫␬ℤ㵅⑊⑃⑆␪⑪䴾⑪⑏⑃␭⑪␷⑆␤⑫⑈⑏␤␨⑊␤℥㭶㡥㍎丨䰩䕙㑘㽴⑇⑏ℤ¹
⑀␱␬䱀⑩␫⑋ 2 䩶㜿⑎㍎丨䰩䕙㑘㽴⑇␢⑪ℤ␽⑎䈾⑎║╩╡ℼ┿⑇, Á ⑋⑄␤⑆⑏⑤⑤䩶⑩
␷␭䥴䨬⑎␢⑫③⑎⑎ℤ⑛⑜䌱䩶㜿⑎⑨␦⑋③㠫␨⑫℥お㹥␫⑩ℤ䙼㰡䉨 II 㑼⑋␪␤⑆⑏ℤ␹
⑙⑆⑎║╩╡ℼ┿␬┹┤╃╁␹⑫╢╇╫␬㡵䩤⑈␷⑆㥍␨⑩⑬⑫℥㽞 3 ⑏䙼㰡䉨 III 㑼⑎╇ℼ
┿⑋⑄␤⑆䙀⑩⑬␿㝫㉌⑇␢⑫℥㬶䥛㽞⑇⑏ℤ⑉⑎║╩╡ℼ┿③㉴␬ 2 ⑄␢⑫␬㵅⑊⑪㥧⑃⑆
␪⑪ℤ䙼㰡䉨 IΩII 㑼⑇ (¹;¹) ⑎㬶䥛㽞⑇ 2 ⑄⑎㉴␬䱀㍎⑋㠫⑩⑬␿⑎⑈⑏䉐㹈䔪⑇␢⑫℥㭶
㡥㍎丨䰩䕙㑘㽴⑎㽞⑇⑏ℤ¾ ⑈ Á ⑋ 2 䩶㜿␬䤽⑬⑆␪⑪ℤ¹ ⑈ ½ ⑋③⑯␺␫⑇⑏␢⑫␬␽⑎㜹
㡾⑲㠫⑆㱨⑫␳⑈␬⑇␭⑫℥䄴䉎⑈␷⑆㹵䉖⑎㙨䩌⑏⑏⑃␭⑪␷⑆⑏␤⑊␤␬ℤ⑯␺␫⑊␬⑩
せ⑊⑫ 2 ⑄㹵䉖㑖⑇┹┤╃╁␬ (¹;¾;Á;½) ⑋㔯␭⑆␤⑫㉄䜽䀭␬␢⑫.
㽞 4 ⑏㴵㰡╇ℼ┿⑋⑄␤⑆䙀⑩⑬␿㝫㉌⑇␢⑫␬ℤ䙼㰡 III 㑼⑎㝫㉌⑈䘱䵍⑋ℤ㬶䥛㽞⑇⑏ℤ
⑉⑎║╩╡ℼ┿③㉴␬ 2 ⑄␢⑫␬㵅⑊⑪㥧⑃⑆␤⑫℥㭶㡥㍎丨䰩䕙㑘㽴⑎㽞⑇⑏ℤ¹ ⑈ Á ⑋ 2
䩶㜿␬䤽⑬⑆␪⑪ℤ¾ ⑈ ½ ⑋③⑯␺␫⑋␽⑎㜹㡾␬␢⑫℥䄴䉎⑈␷⑆㹵䉖⑎㙨䩌⑏⑏⑃␭⑪␷
⑆⑏␤⑊␤␬ℤ䙼㰡 III 㑼䘱䵍⑋せ⑊⑫ 2 ⑄㹵䉖㑖⑇┹┤╃╁␬ (¹;¾;Á;½) ⑋㔯␭⑆␤⑫㉄䜽
䀭␬␢⑫.
お㹥⑲䘧⑞␨⑆ℤお㈼⑇⑏㰡⑎ 3 ⑄⑎╞╫┳╕Ω┹┤╃╁╳┰╢╇╫⑲㥍丸␹⑫␳⑈⑈␹⑫℥
Model A: (¹;¾;Á;½) ␬┹┤╃╁␹⑫ ASV ╢╇╫℥
Model B: (¹;¾;Á) ␬┹┤╃╁␷ℤ½ ⑲㡇䑪␷␿ ASV ╢╇╫℥
Model C: ¹ ␬┹┤╃╁␷, (¾;Á;½) ⑲㡇䑪␷␿ ASV ╢╇╫.
䭜䁡⑎㵧乳┵╳╗╩ℼ⑎㝫㉌⑇⑏ℤ䙼㰡䉨 I 㑼╇ℼ┿⑇⑏ Model B, 䙼㰡䉨 IIΩIII 㑼㕚⑓㴵㰡
╇ℼ┿⑇⑏ Model A ␬䔬䁚⑇␢⑫⑈㥍␨⑩⑬⑫␬ℤ㰡䁡お㥟⑇⑏␳⑬⑩⑎╢╇╫⑋⑄␤⑆㽤
䑪⑲␷⑆╢╇╫䄪䉲⑎㑰㵠⑇␢⑫㱾䩕䱠䕙⑲㝗㬻␷ℤ䩱㍧䔪⑊╢╇╫䡦㍓⑲㥔␦℥␽⑎㩝⑋⑏ℤ
㱂㹚䨬䁏⑇㱨⑪㹥␲⑩⑬⑫␳⑈③䈿␤ ¹ ⑎⑟┹┤╃╁␹⑫䉐㹎⑊ SV ╢╇╫⅊MSSV) ⑎⑛␫ℤ
╞╫┳╕┹┤╃╁╳┰⑎䰵␤ SV ╢╇╫ (SV)ℤASV ╢╇╫ (ASV), 㡭㨹㥠⑋ t 䨬䥛⑲㈾䑪␷␿








































































































































































































㽞 4: 㴵㰡: 㵧乳┵╳╗╩ℼ⑋⑨⑫㬶䥛㽞 (㨸) ⑈㭶㡥㍎丨䰩䕙㑘㽴 (ㄦ)
3.3 㽤䑪㝫㉌
䭜䁡⑇⑏䄰䁡⑎㝫㉌⑋㑰⑅␤⑆䄪䉲␵⑬␿(㹵䉖⑋㑘␹⑫)㰱䩌䀩䱳⑲㉝␷⑆Model A, Model
B, Model C ⑈ MSSV ⑋⑄␤⑆╞╫┳╕伢㨿╢╳╆┫╫╭䬡⑋⑨⑫㽤䑪⑲㥔⑃␿℥⑞␿␽⑎㩝
⑋ ¹ お㌰⑋ ¾ ③┹┤╃╁␹⑫╢╇╫⑇⑏, 㵧乳┵╳╗╩ℼ⑇⑎㬶䥛㽞⑎㝫㉌⑋㑰⑅␤⑆ℤ㰱䩌
䀩䱳⑈␷⑆ ¹0 < ¹1 ⑋㉃␨⑆ (¹;¾) ⑎䅪㑘㤽䈤␫⑩䅛䑪␵⑬⑫ ¾0 < ¾1 ⑈␤␦䀩䱳③䙾⑬⑫␳





i ;Ái;½i)⑋⑄␤⑆⑏䄰䁡⑈䘱␸㭶䄰䨬䥛⑋¹0 < ¹1;¾0 <
¾1 ⑈␤␦䀩䱳⑲㉃␨␿③⑎⑲䵑␤⑆␪⑪ℤpii ⑋⑄␤⑆⑏B(5;0:25) ⑲㈾䑪␷␿℥䘱␸㹵䉖⑋⑈
⑉⑞⑫㍎丨pii ⑏␢⑫䑸䕙㥢␤⑈㥍␨⑩⑬⑫␳⑈␫⑩ℤpii ⑎㭶䄰䨿㙑⑲0.95, 䤸㵠䩐㨹␬0.09⑈
␷⑆␤⑫℥㽤䑪⑋㩝␷⑆⑏ℤ㵩㑼䍍⑋き䈸␹⑫䤸䭜⑲㉔䘰㠡㨺㑼㑖⑈␷⑆㑾⑆⑆ℤ␽⑎㡥 5000
㡄⑲䤸䭜⑈␷⑆㩎䵑␷␿7℥
3.3.1 ║╩╡ℼ┿ (¹;¾;Á;½) ⑎䵗䱳䕽㝗乌⑈㭶㡥㍎丨䰩䕙㑘㽴
䤽3⑏䙼㰡䉨I㑼⑎╇ℼ┿⑲䵑␤⑆ℤModel B ⑲㽤䑪␷␿㝫㉌⑇␢⑫℥㹵䉖0⑏ℤ╜╩╆┣╪
╆┣⑎䨿㙑⑈䨬㬶␬㘦⑋㸮␵␤㹵䉖⑋ℤ㹵䉖 1 ⑏╜╩╆┣╪╆┣⑎䨿㙑⑈䨬㬶␬㘦⑋䉧␭␤㹵
䉖⑋䉐ㅾ␷⑆␤⑫℥㽞 1 ⑎㵧乳┵╳╗╩ℼ⑎㬶䥛㽞⑋␪␤⑆ (¹;Á) ⑈ (¾;Á) ⑎㬶䥛㽞⑋㠫⑩⑬
⑫⑨␦⑋ℤ╜╩╆┣╪╆┣⑎䨿㙑 ¹ ⑈䨬㬶 ¾ ␬㘦⑋䉧␭␤䥔㍎㱂䀭⑎㥢␤⑈␭⑋⑏ℤ╜╩╆┣
╪╆┣⑎㰫㡊䅪㑘⑏⑯␺␫⑇⑏␢⑫␬ Á0 > Á1 ⑈䑣㈼␹⑫㜹㡾⑋␢⑫℥⑞␿䘱␸㹵䉖⑲㝑䈳␹
⑫㍎丨⑏㹵䉖 0 㕚⑓ 1 㘦⑋ 0.998 ⑈䡳㹯⑋㥢␯ℤ␳⑎㜹㡾⑏␹⑙⑆⑎㑼㑖⑋␪␤⑆䘱䵍⑇␢⑫℥
䤽 4 ⑏䙼㰡䉨 II 㑼⑎╇ℼ┿⑲䵑␤⑆ℤModel A ⑲㽤䑪␷␿㝫㉌⑇␢⑫℥㹵䉖 0 ⑈㹵䉖 1 ⑇
⑏╜╩╆┣╪╆┣⑎䨿㙑⑋㨹⑏␢⑫③⑎⑎ℤ䨬㬶⑎㨹⑏㸮␵␤℥⑞␿╜╩╆┣╪╆┣⑎䨿㙑␬
䉧␭␤䥔㍎㱂䀭⑎㥢␤⑈␭⑋⑏ℤ䙼㰡䉨 I 㑼⑎㝫㉌⑈⑏せ⑊⑃⑆ Á0 < Á1 ⑈㰫㡊䅪㑘⑏㥢␯⑊
⑫㜹㡾⑋␢⑫℥䡳䉐㹎䀭⑲䤽␹║╩╡ℼ┿ ½ ⑏ ½1 < ½0 < 0 ⑈⑊⑪ℤ╜╩╆┣╪╆┣㽥㵠⑎䨿
㙑␬㥢␤⑈␭⑋⑏ℤ㱽ㅗ丨⑎䑣㈼␬䡳䉐㹎䀭⑲㘯②⑫⑈␤␦㝫㉌⑋⑊⑃⑆␤⑫℥
䤽 5 ⑏䙼㰡䉨 III 㑼⑎╇ℼ┿⑋㑘␹⑫㝫㉌⑇␢⑫␬ℤ䄴䉎䔪⑋╜╩╆┣╪╆┣⑎㽥㵠␬㥢␯
⑊⑃⑆␪⑪ℤ䙃⑋㹵䉖1⑎䨬㬶␬䉧␭␤℥䙼㰡䉨I㑼⑈䘱䵍⑋╜╩╆┣╪╆┣⑎䨿㙑␬㥢␤㭾⑋
⑏Á0 > Á1 ⑈㰫㡊䅪㑘⑏㥢␯⑊⑫㜹㡾⑋␢⑫℥⑞␿䡳䉐㹎䀭⑲䤽␹║╩╡ℼ┿½⑏½0 < ½1 < 0
⑈⑊⑪ℤ䙼㰡 II 㑼⑈⑏せ⑊⑪ℤ╜╩╆┣╪╆┣㽥㵠⑎䨿㙑␬䑣␤⑈␭⑋ℤ㱽ㅗ丨⑎䑣㈼␬䡳䉐
㹎䀭⑲㘯②⑫⑈␤␦㝫㉌⑋⑊⑃⑆␤⑫℥␳⑬⑩⑎㝫㉌⑏䤽 6 ⑎㴵㰡╇ℼ┿⑋␪␤⑆③䘱䵍⑇␢
⑫. 䅭㥧䔪⑋㠫⑫⑈ℤ═╖╫㑼⑋㌺䕶␹⑫䙼㰡䉨 II 㑼⑏⑤⑤␽⑎䄰㡥⑎㑼㑖⑈せ⑊⑫㜹㡾⑲㰨
␷⑆␤⑫⑨␦⑇␢⑫℥
㽞 5 ⑏䤽 5 ⑋䉐ㅾ␹⑫㭶㡥䰩䕙㑘㽴⑎䍍⑇␢⑫℥㵧乳┵╳╗╩ℼ␫⑩䙀⑩⑬␿㽞 1 ⑎㭶㡥䰩
䕙㑘㽴⑈䡦㍓␹⑫⑈ℤ¹0 < ¹1, ¾0 < ¾1 ⑈␤␦䀩䱳⑲䙾⑬␿␳⑈⑇␽⑬␾⑬⑎║╩╡ℼ┿␬䌱
䩶㜿⑋䨬严␵⑬⑆㽤䑪␵⑬⑆␪⑪ℤ␽⑎╢ℼ╉␬䤽 5 ⑎㽤䑪䍍⑋㙡␤䍍⑈⑊⑃⑆␤⑫8℥䈾⑎
㭾㑼⑋㑘␷⑆③䘱䵍⑎㝫㉌␬䙀⑩⑬⑆␤⑫␬ℤ␳␳⑇⑏㹊丬␹⑫␳⑈⑈␹⑫℥
7㱽䈫䠽䑪⑲㥔␦␿②⑋ Geweke (1992) ⑎䩽䬡⑲䵑␤⑆␤⑫ (㽤䑪㝫㉌⑎䤽⑎ CD ⑏␽⑎ p 䍍⑇␢⑫)℥MCMC
⑎䤸䭜㝏乳⑎䄰䠾 10%⑈㡥䠾 50%⑎㼿⑎䨿㙑䍍⑲ ¹1ℤ¹2 ⑈␷␿⑈␭⑎䩬䨿㙑⑎㨹⑎㠡䑪䕽㝗乌⑇␢⑪ℤ㔢䰵㈾䁢
⑏ ¹1 = ¹2 ⑇␢⑫℥䤸䭜䨿㙑⑎䨬㬶⑎㽤䑪䍍⑋⑏┹╚┯╈╫䰩䕙㑘㽴⑲䵑␤⑆␪⑪ℤ␽⑎㩝⑋⑏═╳╉䥽⑲䤸䭜㰫
㡊䅪㑘␬㠺㽪␹⑫⑞⑇⑈␷⑆␤⑫℥⑞␿䡳㡺丨䀭へ㭒⑏䰵䅪㑘⑎䤸䭜␫⑩㝗㬻␹⑫䤸䭜䨿㙑⑈䘱␸䀺䕙 (䨬㬶) ⑲䌣
䀮␹⑫⑎⑋㈿䝜⑎䤸䭜㽴␬䤬䵗⑇␢⑫␫⑎㱜䕙⑇␢⑫℥乣␨⑐か䑭 䈾 (2005) ⑲㬲㹈.
8␿⑀␷ℤ㽞 5 ⑇⑏㽞 1 ⑈┹┱ℼ╫⑲␽⑭␨⑫␿②ℤ㹵䉖⑎㭶㡥㍎丨⑲㥍丸␷⑆␽⑬␾⑬⑎㭶㡥䰩䕙⑎䱌䁑␬㹵
䉖 0, 1 ⑇␽⑬␾⑬ 0.38 ⑈ 0.62 ⑋⑊⑫⑨␦⑋䩘㔹䔪⑋㑰㵠㈽␷⑆␢⑫.
13䨿㙑 (䤸㵠䩐㨹) 95%㼮䵑㙨㑖 CD 䡳㡺丨䀭へ㭒
¹0 -1.992 (0.197) [-2.410, -1.649] 0.56 399.7
¹1 -1.035 (0.154) [-1.319, -0.712] 0.54 289.3
¾0 0.309 (0.045) [0.225, 0.381] 0.74 568.3
¾1 0.430 (0.067) [0.354, 0.572] 0.69 672.2
Á0 0.915 (0.022) [0.869, 0.953] 0.77 438.1
Á1 0.875 (0.028) [0.811, 0.910] 0.89 502.0
½ -0.382 (0.041) [-0.470, -0.305] 0.10 141.0
p00 0.998 (0.001) [0.995, 1.000] 0.86 97.1
p11 0.998 (0.002) [0.992, 1.000] 0.79 421.3
䤽 3: 㭶㡥䨬䥛⑋㑘␹⑫㽤䑪㝫㉌. 䙼㰡 (I) Model B.
䨿㙑 (䤸㵠䩐㨹) 95%㼮䵑㙨㑖 CD 䡳㡺丨䀭へ㭒
¹0 -1.196 (0.161) [-1.481, -0.825] 0.15 60.7
¹1 0.097 (0.205) [-0.318, 0.509 ] 0.40 25.0
¾0 0.354 (0.073) [0.226, 0.515] 0.68 36.9
¾1 0.368 (0.044) [0.291, 0.466] 0.70 19.8
Á0 0.814 (0.084) [0.622, 0.942] 0.13 40.5
Á1 0.922 (0.020) [0.877, 0.955] 0.46 17.1
½0 -0.326 (0.116) [-0.556, -0.094] 0.98 21.4
½1 -0.480 (0.071) [-0.613, -0.334] 0.41 19.1
p00 0.996 (0.003) [0.987, 0.999] 0.30 17.5
p11 0.997 (0.003) [0.990, 0.999] 0.16 66.7
䤽 4: 㭶㡥䨬䥛⑋㑘␹⑫㽤䑪㝫㉌. 䙼㰡 (II) Model A.
䨿㙑 (䤸㵠䩐㨹) 95%㼮䵑㙨㑖 CD 䡳㡺丨䀭へ㭒
¹0 -0.132 (0.197) [-0.553, 0.196] 0.85 27.3
¹1 0.244 (0.110) [0.026, 0.460] 1.00 268.8
¾0 0.181 (0.018) [0.147, 0.219] 0.25 28.3
¾1 0.457 (0.087) [0.304, 0.650] 0.78 73.6
Á0 0.978 (0.006) [0.964, 0.989] 0.11 61.3
Á1 0.664 (0.115) [0.384, 0.843] 0.38 63.8
½0 -0.696 (0.083) [-0.841, -0.526] 0.79 77.5
½1 -0.450 (0.101) [-0.642, -0.241] 0.05 32.0
p00 0.995 (0.003) [0.989, 0.998] 0.07 45.3
p11 0.991 (0.005) [0.978, 0.998] 0.13 166.3
䤽 5: 㭶㡥䨬䥛⑋㑘␹⑫㽤䑪㝫㉌. 䙼㰡 (III) Model A.
䨿㙑 (䤸㵠䩐㨹) 95%㼮䵑㙨㑖 CD 䡳㡺丨䀭へ㭒
¹0 0.957 (0.238) [0.499, 1.440] 0.40 29.2
¹1 1.940 (0.165) [1.599, 2.249] 0.23 55.4
¾0 0.265 (0.038) [0.197, 0.344] 0.88 17.4
¾1 0.419 (0.083) [0.295, 0.611] 0.63 23.9
Á0 0.954 (0.015) [0.920, 0.977] 0.71 14.1
Á1 0.734 (0.112) [0.462, 0.893] 0.17 152.0
½0 -0.529 (0.117) [-0.745, -0.288] 0.69 28.8
½1 -0.368 (0.127) [-0.623, -0.139] 0.19 79.5
p00 0.996 (0.003) [0.988, 0.999] 0.56 112.5
p11 0.994 (0.005) [0.983, 0.999] 0.87 25.5
䤽 6: 㭶㡥䨬䥛⑋㑘␹⑫㽤䑪㝫㉌. 㴵㰡 Model A.











































㽞 5: 㭶㡥㍎丨䰩䕙㑘㽴. 䙼㰡 (III) Model A.
3.3.2 㹵䉖䩑㽴 St ⑎㭶㡥㍎丨㑘㽴
㰡⑋㹵䉖⑎㭶㡥㍎丨Pr(St = 1jy)⑲␽⑬␾⑬⑎㭾㑼⑈╢╇╫⑋䉐␷⑆䡦㍓⑲㥔␤ℤModel A,
Model B, Model C ⑋㉃␨⑆ ¹ ⑎⑟␬┹┤╃╁␹⑫ MSSV ╢╇╫⑋⑄␤⑆③㽤䑪␷␿℥お㈼
⑋㠫⑫⑨␦⑋䄴䉎䔪⑊㜹㡾⑈␷⑆ℤModel A ⑈ Model Bℤ␽␷⑆ Model C ⑈ MSSV ╢╇╫⑏
䘱䵍⑊㭶㡥㍎丨⑋㑘␹⑫㝫㉌⑲㰨␷⑆␤⑫℥⑞␿, 䨿㙑⑀␱␬┹┤╃╁␹⑫╢╇╫⑋䡦⑙⑫⑈ℤ
␽⑬お㌰⑎║╩╡ℼ┿③┹┤╃╁␹⑫╢╇╫⑇⑏ℤ㹵䉖⑎┹┤╃╁␬⑤⑤䈿␯⑊⑃⑆␤⑫⑨␦
⑇␢⑫℥㽞 6 ⑏䙼㰡䉨 I 㑼⑎㹵䉖 1 ⑎㭶㡥㍎丨⑎㽤ぜ⑲␽⑬␾⑬⑎╢╇╫⑇㽤䑪␷␿㝫㉌⑇␢
⑫℥ModelAΩModel B ⑇⑏ℤ䈾⑎╢╇╫⑋䡦㍓␷⑆㹵䉖⑎㽤ぜ␬㩙␫␯㔯␭⑆␪⑪ℤ1971 䜯
⑎┹╟┽╋┢╳㥧さ␫⑩ 1973 䜯⑎䩑䘰䅪㹬䀩⑘⑎ぜ㥔⑤┪┤╫┷╧ ╃┯ℤ䉨 2 㰡┪┤╫┷╧ ╃
┯ℤ1983 䜯㡥䠾␫⑩⑎㝊㔤㉳䥼⑋䉐ㅾ␹⑫⑈㭗⑯⑬⑫䩑䘰⑋䉐␷⑆ℤ╜╩╆┣╪╆┣⑎䨿㙑㽥
㵠⑎㥢␤㹵䉖 (St = 1) ␬㠡㵐␵⑬⑆␤⑫℥␳⑬⑋䉐␷⑆䈾⑎╢╇╫⑇⑏⑤⑤㹵䉖⑎㽤ぜ␬㑋⑤
␫⑋⑊⑃⑆␤⑫℥
㽞 7 ⑏䙼㰡䉨 II 㑼⑎㹵䉖 1 ⑎㭶㡥㍎丨⑎㽤ぜ⑇␢⑫␬ℤ⑉⑎╢╇╫⑇③䘱䵍⑊㝫㉌⑋⑊⑃⑆
␤⑫℥1987 䜯 10 㝮⑎╖╩╃┯╞╳╇ℼ㡥␷⑐⑩␯␷⑆␫⑩ℤ1990 䜯⑎═╖╫䩸㉵䄰⑋␫␱⑆
╜╩╆┣╪╆┣⑎䨿㙑␬㸮␵␤㭾㑼␬㠫⑩⑬⑆␪⑪ℤ⑞␿ 1994 䜯⑋③⑤⑤䘱䵍⑊㭾㑼␬㠽⑬
⑆␤⑫℥㽞 8 ⑎䙼㰡䉨 III 㑼⑇⑏ Model CℤMSSV ╢╇╫⑇⑏䉧⑞␫⑋㭔㹬␬㥢䍍⑇あ䑪␷⑆
␤⑫1996 䜯⑈2004 䜯⑋╜╩╆┣╪╆┣⑎㽥㵠␬㸮␵␯⑊⑃⑆␤⑫␳⑈⑲㰨␹ぬ䩽ℤModel A,
Model B ⑇⑏㹵䉖⑎┹┤╃╁␬⑨⑪䥑䡋⑋䈪␨⑩⑬⑆␤⑫℥㙱䉎䔪⑋⑏ 1998 䜯 8 㝮⑎╭┷┢
㑭㔡㡥⑎㙢䵸ぺ㈼␲␫⑩ IT ═╖╫ℤ2003 䜯㡥䠾㕚⑓ 2005 䜯㡥䠾⑎㍴㉁⑎㕞㹥㸺⑎㭾㑼⑋␪
␱⑫╜╩╆┣╪╆┣⑎㹥㸺␬䱀㍎⑋䈪␨⑩⑬⑆␤⑫␳⑈␬⑯␫⑫℥
䘱䵍⑊䅪せ⑏ℤ㴵㰡╇ℼ┿⑋㑘␹⑫㹵䉖⑎㭶㡥㍎丨⑲㰨␹㽞 9 ⑋③㠫⑩⑬⑫℥䨿㙑⑀␱⑎┹
┤╃╁⑲㥍␨␿ Model CΩMSSV ╢╇╫⑇⑏╖╩╃┯╞╳╇ℼお㥟③╜╩╆┣╪╆┣⑎㥢㽥㵠
















































㽞 6: 䙼㰡 (I):㹵䉖 St = 1 ⑎㭶㡥㍎丨.
Model A (㹥䍊㨸), Model B (㹥䍊ㄦ), Model C (㈼䍊㨸), MSSV (㈼䍊ㄦ).












































㽞 7: 䙼㰡 (II):㹵䉖 St = 1 ⑎㭶㡥㍎丨.
Model A (㹥䍊㨸), Model B (㹥䍊ㄦ), Model C (㈼䍊㨸), MSSV (㈼䍊ㄦ).






































㽞 8: 䙼㰡 (III):㹵䉖 St = 1 ⑎㭶㡥㍎丨.
Model A (㹥䍊㨸), Model B (㹥䍊ㄦ), Model C (㈼䍊㨸), MSSV (㈼䍊ㄦ).












































㽞 9: 㴵㰡:㹵䉖 St = 1 ⑎㭶㡥㍎丨.





䍍⑎㝗㬻⑋⑏ Chib and Jeliazkov (2001, 2005) ⑲䵑␤⑆ 5000 ㉳⑎┵╳╗╪╳┰⑲㥔␤ℤ␽⑎
䨿㙑⑈䤸㵠㡭㨹⑲㕡②⑆␤⑫ (䤸㵠㡭㨹⑲㕡②⑫㩝⑎═╳╉䥽⑏ 500 ⑈␷␿)℥
SV SVt ASV ASVt
䙼㰡 (I) -3284.96 -3286.93 -3254.99 -3256.43
(0.88) (1.52) (1.49) (0.93)
䙼㰡 (II) -3363.79 -3360.75 -3335.41 -3332.87
(0.70) (1.41) (0.63) (1.17)
䙼㰡 (III) -4221.52 -4219.77 -4200.65 -4199.18
(0.32) (0.51) (0.16) (0.46)
㴵㰡 -3793.62 -3791.11 -3782.86 -3780.84
(0.34) (0.40) (0.34) (0.82)
䤽 7: 㱾䩕䱠䕙 (䤸㵠㡭㨹): ┹┤╃╁⑎⑊␤╢╇╫.
Model A Model B Model C MSSV
䙼㰡 (I) -3246.45 -3245.29 -3244.43 -3274.39
(1.77) (1.60) (2.30) (3.38)
䙼㰡 (II) -3329.12 -3327.35 -3332.94 -3362.18
(1.03) (1.97) (1.85) (1.82)
䙼㰡 (III) -4201.39 -4199.18 -4201.24 -4201.40
(0.72) (1.40) (0.58) (0.45)
㴵㰡 -3781.68 -3782.33 -3782.45 -3793.75
(0.64) (0.47) (0.58) (0.63)
䤽 8: 㱾䩕䱠䕙 (䤸㵠㡭㨹):╞╫┳╕Ω┹┤╃╁╳┰╢╇╫.
⑞␺䤽 7 ⑏┹┤╃╁⑎⑊␤╢╇╫⑎㱾䩕䱠䕙⑎㽤䑪䍍⑇␢⑪ℤSVt, ASVt ⑏ SVℤASV ╢╇
╫⑎㑑䈬㡭㨹⑋ t 䨬䥛⑲䘳䙾␷␿╢╇╫⑲㰨␷⑆␤⑫ (㽤䑪䬡⑎㹜㩙⑏ Omori et al. (2007) ⑲
㬲㹈)℥␤␺⑬⑋㑼⑋␪␤⑆③䡳䉐㹎䀭⑎␢⑫ SV ╢╇╫ (ASV, ASVt) ⑎␢⑆⑏⑞⑪␬⑨␤␬ℤ
䙼㰡䉨 I 㑼⑲㵼␤⑆ t 䨬䥛⑲㥍丸␷␿ ASVt ╢╇╫⑎㱾䩕䱠䕙␬⑤⑤㥢␯⑊⑃⑆␤⑫℥
䤽 8 ⑏┹┤╃╁╳┰⑲㱨⑪䙾⑬␿╢╇╫⑎㱾䩕䱠䕙⑇␢⑫℥䙼㰡䉨 I 㑼⑇⑏ℤ䤸㵠㡭㨹⑲㥍
丸␹⑫⑈ Model A, B, C ⑎㱾䩕䱠䕙␬䘱䑸䕙㥢␯⑊⑃⑆␪⑪ℤ䡳䉐㹎䀭⑲㥍丸␷⑊␤䌱㵣⑊


















╫⑏ t 䨬䥛⑲䵑␤⑫║╩╡ℼ┿䁡䱳䔪⑊┹┤╃╁⑎䰵␤ ASVt ╢╇╫⑈䡦㍓␷⑆③␢⑞⑪␢⑆
⑏⑞⑪⑎⑨␵⑏䩑⑯⑩⑊␤⑈␤␦㝫佀③䘱㭾⑋䙀⑩⑬␿℥
㨣㡥⑏㙡䜯⑎╇ℼ┿⑋␪␱⑫␳␦␷␿䩑㈽␬⑊␼䀸␸⑫⑎␫⑋⑄␤⑆㠦㕦⑲㼼②⑆⑦␯䤬





╫⑇③䈪␨⑩⑬␿ 2004 䜯 9 㝮␴⑭⑎╜╩╆┣╪╆┣⑎㕞㝣⑊䑣㈼⑏╪┢╩┤┺╉╜╩╆┣╪






䈾⑎║╩╡ℼ┿⑲㹲㝯⑈␷␿⑈␭ℤst ⑎䨬䥛⑏st = 1;:::;10 㹥⑇⑎严㬶㍎丨䨬䥛⑈⑊⑫⑎⑇ℤ
㹲㝯䥕㭶㡥㍎丨䨬䥛␫⑩⑎┵╳╗╪╳┰⑏䵆し⑋㥔␦␳⑈␬⑇␭⑫℥㙱䉎䔪⑋⑏㑰㵠㈽␵⑬⑆␤





de Jong (1991) ⑋⑨⑫㍈䉧┫╫╞╳Ω╕┣╫┿ (augmented Kalman ﬁlter) ⑲䵑␤⑫⑈ℤ
(¹;µ;h) ⑎㹲㝯䥕㭶㡥㍎丨䰩䕙㑘㽴⑏お㈼⑎⑨␦⑋㵱␯␳⑈␬⑇␭⑫.
¼(µjS;s;y¤;d) / f(y¤jµ;S;s;d)¼(µ); (A.1)
¼(¹;hjµ;S;s;y¤;d) / ¼(hj¹;µ;S;s;y¤;d)¼(¹jµ;S;s;y¤;d); (A.2)
␳␳⑇f(y¤jµ;S;s;d)⑏㙡㭷╢╇╫⑎䱠䕙㑘㽴⑇¹⑈h⑋㑘␷⑆䁑䨬␵⑬⑆␪⑪ℤ ⑞␿¼(¹jµ;S;
s;y¤;d)⑏, h⑋㑘␷⑆䁑䨬␷␿㱾䩕㍎丨䰩䕙㑘㽴⑇␢⑫℥␳⑬⑋⑨⑪ℤintegration sampler ⑈
㡆⑐⑬⑫㡺丨⑎义␤┵╳╗╪╳┰⑲㥔␦␳⑈␬⑇␭⑫ (䩤佀 B 㬲㹈)℥
Step 3a ⑎ µ ⑎┵╳╗╪╳┰⑋␪␤⑆⑏ℤ㹲㝯䥕㍎丨䰩䕙㑘㽴 (A.1) ⑲③⑈⑋ℤMH ┢╫┴
╪┺╠⑲㥔␨⑐⑨␤℥䑳う䨬䥛⑈␷⑆⑏乣␨⑐ℤˆ µ ⑲㹲㝯䥕㭶㡥䰩䕙⑎╢ℼ╉ (⑞␿⑏╢ℼ╉
⑎㙡㭷䍍) ⑈␷⑆ℤ║╩╡ℼ┿⑎䑪㕁と⑇䁚䍇␵⑬␿䀵㔬䨬䥛 N(µ¤;Σ¤)
















Hasting (AR-MH) ┢╫┴╫┺╠ (Tierney(1994)ℤ佂㥧 (2005) ⑊⑉⑲㬲㹈⑎␳⑈) ⑲䵑␤⑆③
⑨␤℥
Step 3b⑋␪␤⑆⑏ℤ¹⑲de Jong (1991)⑎㍈䉧┫╫╞╳Ω╕┣╫┿⑲䵑␤⑆䀵㔬䨬䥛␫⑩┵
╳╗╪╳┰⑲㥔␦(䩤佀B㬲㹈)℥Step 3c⑎h⑎┵╳╗╪╳┰⑏de Jong and Shephard (1995)
⑋⑨⑪䑳う␵⑬␿┷╟╥╬ℼ┷╧╳Ω┹╠ℼ┶ (simulation smoother) ⑲䵑␤⑫ (䩤佀 B 㬲㹈)℥
20A.3 S ⑎┵╳╗╪╳┰
㹵䉖 S ⑎┵╳╗╪╳┰⑋⑏お㈼⑎严㬶╕┣╫┿⑈┷╟╥╬ℼ┷╧╳Ω┹╠ℼ┶⑲䵑␤⑫ (乣
␨⑐ Chib (1996))℥⑞␺严㬶╕┣╫┿⑇⑏ t = 1;2;:::;n ¡ 1 ⑋䉐␷⑆
f(St j It;#) =
P




St¡1 f (ht+1jSt;St¡1;It;¹;µ)f(St j St¡1;p)f(St¡1 j It¡1;#)
(A.5)











ht+1 ¡ ¹St ¡ ÁSt(ht ¡ ¹St¡1) ¡ At ¡ Bt(y¤

















f(StjSt+1;:::;Sn¡1;In;#) / f(ht+2jSt+1;St;It+1;¹;µ)f(St+1 j St;p)f(St j It;#);




f(ht+2jSt+1;St;It+1;¹;µ)f(St+1 j St;p)f(St j It;#)
P
St f(ht+2jSt+1;St;It+1;¹;µ)f(St+1 j St;p)f(St j It;#)
(A.6)
⑈㝗㬻⑇␭⑫⑎⑇ℤ㵧⑋ Sn¡1jIn;#, Sn¡2j(Sn¡1;In;#);:::;S0j(S1;:::;Sn¡1;In;#) ⑈┵╳╗
╪╳┰␷⑆ S ⑲␽⑎䘱㭾㭶㡥䨬䥛␫⑩䠯䀸␵␻⑬⑐⑨␤.
A.4 p ⑎┵╳╗╪╳┰
䭜㥆⑇⑏ pii ⑎㭶䄰䨬䥛⑈␷⑆╙ℼ┿䨬䥛 pii » B(ai0;bi0) ⑲㈾䑪␹⑫. ␳⑎⑈␭ℤnij ⑲
St¡1 = i ␫⑄ St = j ⑈⑊⑃␿㉳㽴⑈␹⑬⑐ℤpii ⑎㭶㡥䨬䥛⑏ℤ
¼(piijS) / p
ai0+nii¡1
ii (1 ¡ pii)bi0+nij¡11 ¡ p1¡S0;1¡S0
2 ¡ p00 ¡ p11
;





yt = Xt¯ + Zt®t + Gtut℡℡ (t = 1;2;:::;n) (B.1)
®t+1 = Wt¯ + Tt®t + Htut℡℡ (t = 0;1;2;:::;n ¡ 1)
®0 = 0;ut » i.i.d. N (0;I); t = 1;2;:::;n (B.2)
┫╫╞╳Ω╕┣╫┿⑏お㈼⑎⑨␦⑊䍠㰡㝗㬻⑲㥔␦(乣␨⑐de Jong (1991), de Jong and Shep-
hard (1995) 㬲㹈).










at+1 = Wt¯ + Ttat + Ktet;℡ Pt+1 = TtPtL0
t + HtJ0
t
Lt = Tt ¡ KtZt; Jt = Ht ¡ KtGt (B.4)
␿⑀␷ a1 = W0¯; P1 = H0H0

















⑈⑊⑫℥␿⑀␷ yt = (y1;:::;yt)ℤmy ⑏ y ⑎㰡㠵⑇␢⑫℥
B.2 ㍈䉧┫╫╞╳Ω╕┣╫┿
㨣ℤ¯ ␬䀵㔬䨬䥛⑋㴾␦㍎丨䩑㽴⑈㍎䑪䔪⑊䍍⑎佂⑇䤽␻⑫⑈㈾䑪␷ℤ¯ = b + B¹;¹ »
N(m0;M0) ⑈䍖␯℥b;B ⑏␽⑬␾⑬䔬䁚⑋䑪㕁␵⑬␿㑻䍎⑎╙┯╈╫⑈㥔乳⑇␢⑫℥㍈䉧┫╫
╞╳Ω╕┣╫┿⑏┫╫╞╳Ω╕┣╫┿⑋㰡⑎┹╆╃╗⑲䑉㉃␹⑫␳⑈⑇䙀⑩⑬⑫℥
ft = yt ¡ Xtb ¡ Zta¤
t; a¤
t+1 = Wtb + Tta¤
t + Ktft
Ft = XtB ¡ ZtA¤
t; A¤
t+1 = ¡WtB + TtA¤
t + KtFt
qt+1 = qt + F0
tD¡1




1 = W0b, A¤
1 = ¡W0B, q1 = M¡1
0 m0, Q1 = M¡1



































































t ft + m0
0M¡1






⑈⑊⑫℥㰰 (B.8) ⑲䵑␤⑆ MH ③␷␯⑏ AR-MH ┢╫┴╪┺╠⑇┵╳╗╪╳┰␹⑫㱪䬡⑲ in-















































Xt = (mst;0;0;0);℡ Zt = 1;℡ ®t = ht;℡ Gt = (vst;0);℡
Wt = (0;dt½St¾Stast exp(mst=2);f(1 ¡ St) ¡ ÁSt(1 ¡ St¡1)g;fSt ¡ ÁStSt¡1g);℡

















┷╟╥╬ℼ┷╧╳ Ω ┹╠ℼ┶⑏䩤佀B.1⑎╢╇╫⑇ℤ®jyn ⑲䙀⑫⑎⑋㡭㨹㥠⑎㭶㡥䨬䥛ujyn ␫
⑩䤸䭜(u0;:::;un) ⑲䙀⑆ℤ␽⑎䤸䭜␫⑩®0 :::®n ⑎䤸䭜⑲㕡②⑫㡺丨䔪⑊┵╳╗╪╳┰䩽䬡⑇
␢⑫℥⑞␺┫╫╞╳Ω╕┣╫┿⑲㝗㬻␷fet;Dt;Ktgn
t=1 ⑲䩝䈸␷⑆␪␯℥Un = 0;rn = 0;G0 = 0
⑈␷⑆ t = n;:::0 ⑞⑇お㈼⑎㝗㬻⑲㜫⑪䩖␹℥
Ct = Ft(I ¡ G0
tD¡1
t Gt ¡ J0
tUtJt)F0
t;℡²t » (0;Ct);℡ Vt = Ft(G0
tD¡1




t et + L0
trt ¡ V 0
tC¡1
t ²t;℡ Ut¡1 = Z0
tD¡1
t Zt + L0





t et + J0
trt) + ²t
␳␳⑇ t = 0 ⑎⑈␭⑏U¡1;r¡1 ⑎㝗㬻⑲㥔␦䤬䵗⑏⑊␤. Ft = Ht ⑈␷⑆ ´t ⑲㕡②⑆ ®t+1 =
Wt¯ + Tt®t + ´t (t = 1;2;:::;n ¡ 1) ⑈␹⑬⑐⑨␤℥
23C 䩤㵵丳㭒╕┣╫┿





































␳␳⑇ mt+1 = ¹St + ÁSt(ht ¡ ¹St¡1) + ½St¾St exp(¡ht=2)yt ⑇␢⑫℥
㨣ℤf(ht;St¡1jyt;¹;µ;p) ⑲ (yt;¹;µ;p) ␬䴿␨⑩⑬␿⑈␭⑎ (ht;St¡1) ⑎㹲㝯䥕㍎丨䰩䕙㑘
㽴⑈␷ℤ␽⑎㍎丨䨬䥛␫⑩⑎䤸䭜 (丳㭒) ␬ℤ(hi
t;Si
t¡1) (i = 1;:::;I) ⑎ I 㡄䙀⑩⑬⑆␤⑫⑈␹
⑫℥⑞␿ ˆ f(ht;St¡1jyt;¹;µ;p) ⑏ f(ht;St¡1jyt;¹;µ;p) ⑲严㬶䔪⑋㙡㭷␷␿㍎丨㑘㽴⑈␹⑫℥


























































t+1 = ¹¯ Si
t + Á¯ Si
t(hi
t ¡ ¹Si













1. t = 1 ⑈␹⑫℥
(a) Si
0 (i = 1;:::;I) ⑲䑪㹯䨬䥛 PrfS0 = jg = (1¡p1¡j;1¡j)=(2¡p00 ¡p11) (j = 0;1)
␫⑩┵╳╗╪╳┰␹⑫.
(b) hi
1 (i = 1;:::;I) ⑲ f(hi
1jSi
















24(c) wi = f(y1jhi









j=1 wj (i = 1;:::;I) ⑈␹⑫℥











St = jjSt¡1 = Si
t¡1;p
¢
(i = 1;:::;I) ⑲㕡②⑫℥
(b) mi










t=2)yt (i = 1;:::;I) ⑲㕡②⑫℥
(c) (hi
t;Si
t¡1) (i = 1;:::;I) ⑲ g(hi
t;Si




















































j=1 wj (i = 1;:::;I) ⑈␹⑫℥
3. t Ã t + 1 ⑈␷⑆ℤStep 2 ⑋䱡⑫℥
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